Abstract. The paper presents an algorithm for the optimal design of plus -energy buildings. It explains the need for designing such type of buildings. The aim of this article is to create a hypothetical plus-energy building. The study presents a calculation for electricity from renewable sources: solar and wind energy. The calculations take into account the climatic conditions in a particular area of Poland. The final part of the article provides a comparison of the number of solar collectors, photovoltaic panels and wind turbines required to meet the energy needs of the building. Detached houses were placed in two different climatic regions of Poland.
Introduction
A plus -energy building is a building that produces in a year more energy than it consumes [1] . A great emphasis on plus -energy buildings is placed by the Directive 2010/31/EU. Under this directive, from 2020 all newly created buildings will be buildings of nearly zeroenergy consumption. The Directive 2010/31/EU aims to reduce greenhouse gas emissions, therefore buildings of nearly zero energy consumption will use the energy from renewable sources [2] . Environmental pollution and depletion of fossil fuels are the main reasons for which the emphasis is put on renewable sources of energy [3] . By 2020, 20% of the energy consumed by EU countries should come from renewable sources. Buildings consume approximately 40% of total energy demand in the European Union. It has a significant impact on the long -term energy consumption. New buildings must be characterized by low energy consumption and they should use modern technology [2] . But there is a problem: What to do with the existing buildings? Is it possible that a building which has existed for many years, could be made environmentally friendly?And whether an existing building can be a plus -energy building? In order to answer these questions, a detached house which has existed for several years was adopted for the calculation.Two climatically different cities in Poland were selected: Czestochowa and Leba [4] . Then the identical detached houses were located in those cities. Energy consumed by the buildings came from two renewable sources: solar energy and wind energy.
Algorithm of calculations
The algorithm of calculations included the determination of energy produced throughout the year: -from the sun -the energy was produced by photovoltaic panels and a solar collector, -from the wind -the energy was produced by a wind turbine.
Then the number of the above-mentioned devices which are needed to ensure the total energy demand of the building has been calculated.
The amount of energy obtained from the sun
The data taken from the Ministry of Transport, Construction and Maritime Economy [5] and a model of the heat pipe solar collectors with an area 2 m 2 [6] and polycrystalline photovoltaic panel were adopted for the calculations [7] . The amount of energy produced by solar collectors and photovoltaic panels was calculated using the formula [8] :
where The energy demand for the domestic hot water [9] : 
The amount of energy obtained from the wind
The data taken form the Ministry of Transport, Construction and Maritime Economy [5] and a model of the wind turbine with a nominal power 5.8 kW were adopted for the calculations [10] . The amount of energy produced by a wind turbine was calculated using the formula [11, 12] :
where: An optimal selection of a number of devices has been chosen in such a way that the selected quantity of these devices can produce enough energy to satisfy the total energy demand of the building.While selecting the devices, the geographical location of the building and the climatic conditions in the are awere also taken into account [8, 12] : 
Solar energy
The average annual insolation in Poland is about 1000 kWh/m 2 . Its maximum value reaches about 1200 kWh/m 2 in Lublin while its minimum value is about 900 kWh/m 2 and can be found in the northern part of the country [13] . In this paper, two climatically different cities in Poland were selected: Czestochowa and Leba (Fig. 1) . The total insolation for Czestochowa is 1082 kWh/m 2 during a year, while for Leba it is 911 kWh/m 2 , for the angle 45°of the sun rays [5]. Solar collectors have been used for heating utility water. In the article it is assumed that five people live in the building. The hot water requirement has been calculated on the basis of the Standard: PN-EN 15316-3:2007, while the hot water tank with a capacity of 300 liters has been properly selected [8] . Having information about the insolation and the hot water demand, a proper number of solar collectors has been adopted. Five solar collectors have been optimally selected (Fig. 2) . Hot utility water is to be heated up with other sources of heat in winter. Additional heating of hot utility water requires annually about 735 kWh in Czestochowa and about 913 kWh in Leba (Fig. 3) .The water is reheated with the use of electricity generated by the photovoltaic panels or wind turbines [own calculations]. Photovoltaic panels are used to generate electricity under the influence of sunlight. In the present case, solar panels were set at the angle of 45°, at which point the largest amount of energy is generated in Czestochowa and in Leba (Fig. 4) . 
Wind energy
Wind power is unevenly distributed in Poland. Czestochowa has relatively poor wind resources in strong contrast with Leba [12] .
Wind energy is calculated from the formula (3) which is exact for low wind speed. For higher wind speeds a limit of error should be adopted, because the values are inaccurate [14] . Manufacturers usually provide a wind turbine power graph (Fig. 5) . Basing on this graph, we can read the dependence of power generated from the wind speed. Knowing the average hourly wind speed we can do the reading from the graph of power, and then by summing the values obtained, we can calculate the amount of energy produced by the wind turbine per year.
The paper compares the amount of energy calculated from the formula (3) and the amount of energy read from the graph given by the manufacturer. The wind speed is low in Czestochowa, so the value read from the graph is approximate to the value of energy calculated by formula (3) . The wind speed is high in Leba, so the value read and the value calculated are different (Fig. 6) . For higher wind speed, formula (3) is not accurate, because the wind speed is raised to the third power in the formula. Due to the fact that the value of the energy read from the graph is more accurate than the value calculated from formula (3), the value of the reading has been adopted for further calculations.
4. Optimal selection of number of wind turbines and photovoltaic panels, depending on the geographic location of the building
Five solar collectors were used to heat the hot water in the buildings in Czestochowa and in Leba. The additional energy to heat the water, shown in Figure  3 , was added to the column "The total energy demand". buildings consists in making series of calculations, as a result of which the total building energy demand is fulfilled with the energy generated from renewable sources. It is important to choose the right number of devices for the production of energy from renewable sources. The selection of the devices usually depends on the climatic conditions prevailing in the area. Any existing building can be a plusenergy are on the condition that it will use the energy from renewable sources. The surplus of energy produced can be sold to the power network.
